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(54) WAVELENGTH MULTIMODE SYNCHRONOUS LASER EQUIPMENT 

(57)Abstract: 

PURPOSE: To realize a new type of laser equipment which generates 
trains of multiwavelength high-speed light pulses of full agreement in 
repetition by addin9 an optical path difference application means and a 
wavelength dispersion means under a predetermined condition to a mode 
synchronous laser constituted physically of one resonator. 
CONSTITUTION: An optical amplification means 10, an optical modulator 
30, an optical difference application means 40, and a wavelength 
dispersion means 50 are optically coupled in a ring form via optical 
coupling means 601-605 to constitute a ring resonator having a 
predetermined optical path length. An optical divider 20 is inserted 
between the optical coupling means 601 and the optical coupling means 
602 to extract light pulses outside the resonator. Hereupon, the optical k, 
path difference application means 40 forms a plurality of different optical 
path lengths from the same wavelength by a birefringence which gives 
different refractive indices with mutually orthogonal polarization 
directions (TE polarization and TM polarization), and the optical path 
lengths are so set as to be equal in different wavelengths by the 
wavelength dispersion means 50, so that a plurality of different 
wavelengths may satisfy resonance frequency conditions of mode 
synchronization. • 
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m&m i ] *,<pii£fc 4 i> > mm p. m^mmix 

T, 

g^KiejiE-j-a«jt^t:J:-aTfl<tSJB<r4tfe-»j{.. 

s. 

iiu8a2^©3kKl^a£i3o*B£EBU -t©ffltBu833t 

f9r£OA34>S1K3fcK*«r « 7 t 7 U ^DfflMISSft 
fiJfiRf 4 #*SHr#fS k &DSA fc 7 7- 7 y ^ d m=e- K Hi 

5 V > t 4 H3fc* fa C <fc o T H ft 4 ®*t^ £ 4 A , 
i i: * W« ■#- * tt A^S9« - K Rffi ^ — tf St 

B. 

t 3 ] ttai&9i i $ tzmmm 2 t 12^©^^^ 

SS^L,~L k (ktt2£A±©Sft) k, 3fcig*g^a©#J 
h;MBfcA*«R©»:RAi~A. (m(±2«± 
kfelTOfiSK) i:©FST-\ ififtAj C#t*«i*B6>ft 
SSilSrLiUJfcLfekttc, «H#ifc^aicAoTlt 
* 4BSfc 3 jllfift L < ft **{*^* 4 L , ( A 
, ) = L , ( A , ) = - = L„( A .) £ St tz tmi&X- $> 4 Z. £ £ 

[lf*J» 4 ] If jRJJi 3 £!B«6©ifc6£fiS*- K 
b— »f«B«C*SHT 4 

L.(A,)=L a (A,) = -=L.(A«)taifc-rinffl©ftiB 
A>5*t< v A>o-£ft^ftA^?l^^T-;&4;i£:$:!f# 
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U— !TSEBC*HT, 

L.(A.)=L,(A.)=-.-=L.U.)*aifc-*-ttJU. ~ 
A m <±s 2l><Q«fi^#3t>^l/^56«* + *^^^ h/M 

-Kpawi/— ysia. 

[ « 5RJH 6 ] Iff $8 1 * fc <±|«^c« 2 iz IBH©«fi^ 

MWH(**#«tt, >pu < 1 1> 1 ^oaa^7 7 f n 

& 4 ^ tt*JB«r*Ml* 6 fitf£2 ft 4 £Jg#T&K * £fc c 

t»*a 7 ] ffi&m 1 * fctt»*j« 2 c 

119 t - t mm V — «fSB t * n x , 

#s&Mtt##afct, «fa*r* 7 r-f ^fc a v>ttaa#fte 
(n-p) <i (pttitii (n- 1) eir©s«) ©a 

EIU flbOpfflO«JH«fJ9ta©**«l©*lql* (N- 

p) ffloaH«f«Eao*!9t«iit»bT45**5&-ri5fc 

BB1" 4 2 ft MR k 1" 4 tMISt - h" PWl U — tf 
20 ^B. 

8 ] SffsRJg 1 * tz lisf *SI 2 C|BIS©iSi«^ 

#a©*ft^iXK^i;ft4aHflTgm©'i>ft <ttlO 

^U-ifSBc 

[If *9! 9 J if 1 tzgB«6©iS^#S^^- K Rffl 

BJBMK^att. m^©^T-^sitft^-r#-t-K 
30 jt^T-fM-c-sstt*.^ ^js^a, ^tt*s^a, 
3t^s#a, Tt^M^ac^n^nt^^nagtm 

4^ fcftWft^-TftiftS^asa*- KHW1/— tf««. 

- imxm i o ] if #1! 2 tctam©?f&fi£m§^- kb 

^ssM{t#^a©^n^n{c^^n4«^sic^ft* 
■r*»a®'>«: < tb-uz^tsffii&X'hzztztt®. 
40 ttasMi^-H^u-fm 

[0 0 0 1] 

mm±(ommftm *»n8tt, ast©js^T-isa©^ 

+f^atHt4. ft*, **WCD«fi#affl^-KR|»! 
I/— tf^Bli, L-C*7r-fn$ei8 
^•«-47fcffljSIS#«{S^^iC-^ > »fiMS=PJfflLTl+«iJ 
ft It ^ Si S tc (gffl £ ti 4 BS(0A%/ VU7 U — !f 

50 [0 00 2] 
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[«*©««] «*©**#Bs©i/— «fSE«*±, 

$.0, 0Jittt7KSO^»aS*«IW*U— tf (DF 

B - LD) #iM6£*iTns. U*»U 4>ttflHH!MN£ 

<*I/— !f©tJ&(CtiU »«4«fiTfl8!g*#*fc«)tIII 
b < «ft©£«>#®tt Sfttt^HMfffe-a 

U -f gJCDiMlft b — tf t- »±f - -v *;Hffl©* D * h — £ A 5 

[00 0 3] fi6*©*-K^»Bl/— tf««tt»fi 

ttft#lt>t:|8&ftT:)3>K *^B^©fflV^T-$>5«iS© 
&S?*|s]B$t;:$8ffi1-3&©&fc*>o;fe„ " 012 

Wrftmmiz-o^-c3Lwtz>. mi 2(1) ace*® u ><y 

r-fctK (2) tt^-F^JW-rw&ftsttawfc*'** h 
;mffi4itITfe^ (3) fct-e©ii#Ra«8F2l#e£^-r 

( 0 0 0 4 ] 0 1 2 (1) fc£^T, ftigtl^lS! 1 0 fcjfc 

3 Otf^e&^S (0<J;tt£s *7 7"fM) 6 0, -6 0 

*l£>. £43* itli^-&fS6 0, fc**£^»6 0 30 

[00 0 5] ZZT'. <J>y«lS»<D*efiLtt» »J> 
^#JS§§£#fj£l>-£&j£K©<g!lJIJI£ h £:B#W£ n i: 

hi cfn^ticiWni s^ufcfi (-^tv^n©^ 

[0006] ') >*"#i68-ett, 0 1 2 (2) 
t&oiz, f r = c/l (fefdbs citftmm) t*-^* 

£ftSJimi&P£P£fco#f&©^-F* s *£1-£. c 40 
«J>y»liSrt03fc«*»3Otf«lifi»f- =f 

r ©jtesw«Ao*.5i:, jaittAMHif r ©-r^T©fat* 

-KOtetaMffiot-KISIW^ttPJi:^ 1 ?. 012 
(3) »C^1-«t9tCi^»3iIbMI«fl 1/f ,. ©^Vl/*FiJ# 
f#e>ftS. &4b\ ;^i,**sii N fROKt-^^h 
^©SfcttTS* a h;i/*l<5 i/©i£&£*tit> 

0 ) i:£5o 

[0 0 0 7] *-Kl5]l8t34ittSf&tt-K& 
tStt, li?)jSb/VI/^?'J©7-'J^^T*S«$fta(BiJ 50 
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Z ¥WBf&£tl 5 ©T- ttft© jftli©3fe' W>18J 

A s l^0#£#g£bT^3fc©T-fci:&l/->. £l@Jl«ifc 
ftf. =kxf ,. (fcSU kl41W±©SE«) t U 

ST* § 5 6 s x C ftBtft t) £ LJSiSHS* k fg $ tl S £ I* T- 

[0 0 0 8] 

ai*l3B$fc»£*-tJ-S c £: ^ee*©U-if^B 

-f ^£:©£i^£#>*J:<fT ?di:#ISb<, 

[0 0 0 9] #«SI«B\ «fb0^aca-3#, fltf££J: 
tBfe? 7 •< /t i: ©JS&AMS toTffi^T -S. i: i: Cffig 
ttft©IW»t>qJt6i:Lfc±T?, «»©*St;*JS©#^ 
;i/^yij^i5]B#t:^^-y-s z tip-? g h : &m>mm : z— 

[0 0 10] 

ttx yfi©«jfefe*v>ttttfflftws©«**"Tfa«-r*3te 
*«*afc, asw **xfe^^i/^ 

*^a*E^fc3fe:£«jfc*sfcu w«©«*©u>y* 

»©3feB«t:»j56ufcjtiiaft«j«-r63teBSi«##a 
[0011] if^ii2tziB©©^iB^{i s y6©a***v» 

H:ttfflftmsE©ffl*»TSCH-r4*SEW*S4:. ^P^F 

sstts-a-s 2o©3tss>f#fafc, husb 2 
jgj«*n*a»©*isfitjt*«;bfc«fi8g*««"r«* 

[0012] IS*ll 3 tl3«J©^B^Ji, IftgJg 1 *fctt 
IS5Ril2(c|3©©«ifi#«^^- KBWBU-vaEBt* 

^©^ESftL,~L k (ktt2W±©»») i:> 
$©#Jf#*^* K;i/fstcASa^©^SA,~A„ (ml± 
2«H±kClT©fiR) k©BT, MftAj 




(4) 

5 

I©)fcKSftL,(A,)i:Lfc*:*fc» 

L,(A,)=L,(A,) = -=L»(AJ*8lfc1-«lBRT*S 

[0013] „S*Jjf4 tCS3«6©«Wtt, m*g 3 £13® 
©fcft^aS^-KRJWU-lfKBfcfc^T, L,(A.) 
= L 2 ( A a )=-= L.( A.)ftatfc+mffl©£ifi8tt, « 

So 

[0014] ffiftJR 5 tcl3«S©&BJ§liv gf^il 3 £t3« 
Otftft#Ba«— fRffiU— •fSBtgwr, L,(A.) 
= L ! (A J )=-=L m (A„)*lfctMA 1 ~A„ tiu 
SV^^SMtfTfe^.N'^tf^-f 6*^* WMS«fc •)*>;*: 
t v W f£ T -5 c * ftftt 4: -T S . 

[0015] smm 6 ~ 8 ici3Sc©*B^(±. m&m 1 * 

X7 t * /i&z^&mmtf tiz&mmm 20 
mzstsz mmiRfty ?■< m$, s^j*}«a«T*sffiA> 
6*j*$naajB*f*iEH*a*N«d*, *©*© (n 

-P) (1 (ptilWl (N-l) WTCIS) ©ffiSJff 
^H©3t^ffl©^[Rl$:SV^-a»5 5 uttifiS ITII 
U ffe©pf@©ffia*f!«S©7t^ffl^[S]Sr (N-p) 

[0016] s»*« 9 \zivm<D$m&, it 1 £i3« 30 
zmi-z>>&m<D>pu < fct)-aft«tr**aT»sc: tft 

[0017] ISsRifl 1 0 fcS3«i©S6«Bfcfc, IftJRiJi 2 lege 

f^gcfhfhicgsns &«0fk&& ft *-r a at 

K©d>fc< fc*>-»ft£tr»l*?*ac 
[0 0 18] 
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T, lt»©JI&ofctt«'C*-KRIMO«»ll«Wftfl l 
ft«fc-TcfctfT?Ss »*»tt±lo«D*-FHWl/— tf 
ftmvc«»©*ftT?ra#i6«**«£fcffTJ** (iff 
*a i~5) „ 

[0 0 19] fe*>\ 3fc»Stt^gteLT«R©«JB*r 
»EHftffln*«6fc* -»©«JB*r«fR©3fc*«©*fa 
ftftb©IIJBlff«[Il©*^tt©*lSlt:*rUT45|Sft«t-J-«t 

dfcffig-rscttct 3fii±©3fcBftft*-r*«fi 

SftaUfc+Sii:* 1 -?*, ^ttMEOTTIBCttS (Iff 
[0 0 2 0] *fc, 3te»Hft-**Stt, as#f**Kft^ 

3te^*a©*n**ifc**ii*»H«f«»ft 

«fflLT*»J:n (8**116, 8) . 
[0 0 2 1] jtfc, *JWMR*«UU *-t-F*7 7 

*ticd*n**«^*fi#ffift^-r*«iisjwffl bt# 

itfcgBST>-£>Jff&i:bTfc«fcv> (|ff5Rifl9, 10) „ 
[0 0 2 2] 

HIHU— tf««©HJBOT«ja ft ^IT-feS. 

jaffibfct.©-t-fe*. 

[0 0 2 3] HCtt^T, Jtt*B«*a 1 0 t, tt&HS 
3 0k, 3teR2fl--*#«4 0 k, **i#tt*f»5 Oktf 
3felS6*« ft? r ^e<Z>*8B-eSN) 6 

0, ~6 0 s ft^LTU >^ttC*:*8$)fce^3ix, efr 

^©^ss^ft^-rsu ^yjtfisjwtoasixs. 

#0*82 OfiWASft, €®5©y >^«S»rtO*t 

m d ©a^fctt*«-tt« 2 o ©#Att«ft**«*s i 

fit^-rs&g)5©ffiSlfi[®t3:, *^BE0iJK:|!g^?n5*>© 

[0 0 2 4] *SOS0!l©«r«k-i-4i:i*tt, (**©'J 
>y*tt»ffl«— KWJHP— tf (012) ©«f£S3RC 

fi^«*S5 0ftftftl-r*»J«K»4. TfeSSM 
ft4^©4 0»i, S^CB^-f SdTt*^ (TE«3t* 
■fcVTMiSft) t.toT^'feSaST^ft^A-Saja^rft 
^t*»©T-feS. *fi^tk*© 5 0 tt, j&HlCfc 

•3T^^Sa#T*ft-^^«.t,©T-5t.(3> i^T-tt^liti 
fS10, 3fe^B$g|2 0&ZVlKi&tt8i6 0 , ~6 0 
s T-(seffl$nsa#T*#lT-/d:H3t7T'('M J ¥' 0 !l«#:iW 

^ft^ffiw«c»*^.a- x ^n^©g)5^fflHifT*ft i ti 
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m#fc*f1-Sfi#T$fcn.U) *5<ktfn„(A)(££U 
n.(A) >n„(A) ) tU It?/? hW&Hfl-ifc^f.gS 
O0JS#r$£n(A)£:-f5;Li:lc<fc*), M^S6 0 

S#tfc3MS5 0£Bfc<giS# (ftS (1 -a-/?) h) (D 
B#r¥£ 1 tLTWtoZt&T-ZZo 
[0 0 2 5JWT, Hl*JAVH2ft*JHOT,'*IU8 

L e ( A ) = {an. (A) + /?n(A) + (1-a-/?) } 
Lo(A) = {an„(A) +/3n(A)+ (l-a-/3) } 

[0 0 2 7] ^CT% *-KHJH©*MW**f. £#38 
fm = {c/L = (A,)} xk 

t£u a, ttxtHreai Q(omn^^ v 

[ 0 0 2 8] **3fcfc**UTtt, n.(A) >n 

0 (A) ®^{^?>L B (A 1 )>L.(A 1 )T-fe?.fe»{C, 
L e (A 2 )=Lb(Ai) 



*T»S£WT3. 0 2(1) tt*-KR|»JT»6*l.4ft*fl9& 
h;H#tt£Sv*-|ST**!K (2) (i*0l$|IS»J|$& 

HJW1/— !ft«itjRUii-4. 

[0 0 2 6] HI EStKMSTHU ttmttC 1 o© «; > 

Sr) ©fcttC, ^tc«±2o(D^£§^* s «#i-Stt.^i: 

.(A) i?J;VL 0 (A) tt, 

h -(I) 
h -(2) 

-(3) 

ft S^^T-t)il^^^A 2 fc*s 



...(4) 

an.( A 2 ) + jff n( A 2 )=an„( A,)+/?n( A ,) "-(5) 

♦ ♦ [0 0 2 9) lO^PfSSItSi:, 
aB(A,)=-(a+jS)(9n/9A) A A "(6) 



30 



A, , ^H«TB = n. -n„ fc-fct, I1)t©flWn 

[0 0 3 0] 31^©^MT-(i, dn/d A<0T-&?K 
£*U -£©{6fc£a, B, 5n/aAfS^5. 

t-, «ema 2 #%mm^mi o©#h#*^ wi/wjca 

& .fcdfc'^^-^fta^tf* M^^lc^UTt)«?^A 
Tv *«i«Ol*ttt, 02(1) IC7fi-f±?l£, 2-D 

«§§l*l©3fe£iaf§3 0T?»*»f . =f, <D*£Nft2lD 

Ji?*-KIW6ffitt«gi:fc'K E12(2)tc^tcto^ 

[00 3 1] 2«JH03t^<;U^fUtt, 0 2(2) £ 

l©fcfiKftfcSCfc£J:$-&Lfct§3fcK-r3c:i:fc-e 
tl±O^T-(i, n«(A) >n c (A) £{g 

AA = aB(A,)/ {-(a+/?)(5n/3A) } 
= 0.05x 3 x10-/ (0.95X1.2 xlO" 5 ) 

= 1.32 (nm) -(7) 
£&£o ?Ut>*>, ^ftfflUfcyv^ftfiBT? 50 ^SS^(t^?-©5 0i:tT±ft©5%fi®©fi^© 



[0 0 3 2] £fe> 2fl5S©> l e>'-5;i/^©ffiSMA A©^; 

02(1) £^£-5^ KnM^^^## 
ts^^h;Hi(JA (i$(i/vi/x*etM6it^) 

t£2>t, SV>©:>fcJl&&©3lt&^* s £b5©T-$8£g# 
^^{c>&:5fctf)T-feS. 'J >^tt*gg§i: UT© 

*tJf#G (>1) tt, Ctt£©2-r>©i£flT<iJS^U<& 

iiv S^©^T-*J?#©fT*,^L^^AS'>^<^»3, * 

^UT^idi^-S^Ubf^A (Er) ^©ffe©#±«ft K 

[0 0 3 3] ZZT\ m,mi^®.4: OilLTjgHJr 

»*&5 Oi: LTiim©^7 7"fM-^ffl^^S^j{cc 
HTBHW-rs. 3©ig^tc(i, ttS«fB(±W3xlO-«-p 
jSS^an/5 A«±-l.2 xlO" 5 (nm" 1 ) T- 
ifeS. a = 0.05i:t> >) > 9 1 0 

(/5=0.9)i:, 2fi«©^s;i/^<D«ig||AAtt, 



40 % 
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ffl»ff#£^>*'3fe7 7 4 tt&£ft<«l 1.3 

#T'#£. gPftC, tiEt5x;H:^A (Er) K-7 

SWCtt, a £0. 02~0.06©®IST-£;L •& C t IC «fc 5 % 
#)0.06nm~ 1.7nm©$Jft^£ tid 2i£S©;ft/^U;* 

[0 0 3 4] 3te»£tt#*i&4 0 i: UTBH^ft 
•S«l«(S#§^><$Ofe7 7 1" «fcft*T, 0!*.tf*ffi-S> 

■CW8.5 xl0"\ ^«?ST-«J0.157 i:*£v>©T% (Rift 
fiH?S^>^3tt7T-f ^KJtiaUT^tl-enW 1/28& 
Slifct 1/520 ©S^Cn-ttfflS. fcfcpLBU 
(7)55<D*«=a=0.057? 'J >^»iSSS±i*©:S£aU0m 
tt5i:, flNftfiHW > 7 r -Y tt*<}50 c m© 
2kST-*±**J 1.8cm, mtBftlm 

[0 0 3 5]i3li, If 2 fc«B«©*S*aS[*- 

So *$JK0!tt* 7 77"'JiDat-HHWV- 20 

[0 0 3 6] Hfc*V>T, fttf fl^lS 1 0 fc, ft'gflgg 

5e4S«cgBs^nss*ttfe7 o, , 7o 8 vytrntt®. 

(MX.tf« 7 4 M«©«tttt J C»&IHI) 6 0 ,~6 0 
70, fr&7:r7 r y^D3»#tBSrt©3^Vl';*#*tt»C 

fc«*-r**»©B«itt«Hu Rmm.io, , 7o 2 & 30 
[0 0 3 7] *nmmoxm£tz £z?>&, «©7 
7 y \) o SttiS^W 4 0 is «t if 

[0 0 3 8] **KW©»f^JSaK-3V^Ttt, ± 

t, m^-h'om&msm&f , =c/2LtM05i 
[oo3 9]*ic, mitcTji-tvyy&m^m^-Fm 

WU— tftttffl*n4Jt«B*Sl (1) , 

(2) , (3) Coivt, 124, 05, @6*#SgUT 

:©^±«K-7)t77-fM 1 1 tzmmxzmi&t 

30iB*0tt&Sl 2fc, *"nc>©P3Sk:8SfJte»nS3te7 

i&nhz. mm^m^i 2&, la^^^^-rs^ so 
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»S12. S)&;fth«JJ^a>e.©2gJSft£&l£&U 
Tt±SF-7"^77YMl ltcjg< 2*f l&^mffl 

ss^tii 2, t\z£*)mmifixh. 

[0 0 4 0] cnc,©1-^T©gPffitt, 3te7r-fMfeffl 
V^TS^-rS-t:i s oJtgT-$)?)v %T4 VI/ — *©#|S| 

mz±*)%mftiztt\.xiEm (in) *>e>^jg (ou 

T) ^©^^[^©^©^^^ASff^^n^o 3t7 
T-f M-|S]±©ff^{Ctiu SStM^ycAsfiBtoT'^'fe^^- 

T^T'fVL'-^U, , 13s ft, G 

ttiT-bX^o S.tz, #/rx*©KltU/<;t/#/J>;*l'>® 

^(D%y-i vi/-*£#< cttfls. 
[0 0 4 1] ^dC^-Tffli^ttS&ePl 2© 

ftafctv ^^©jiia-rsTJipjt^-y-TSjjeTt^AW 
s-a-sw^iSias^jiETf*** 1 . *©iEs&}fe7M vi/ 

-*13, ©^fflUT-feoTtjlBHIlT-fei.. ®j*a# 
SIU &tE^©SijSTS7jftfci££rafcaiieft£At* 

i^©»€*ft#ffli-i-a«j«*i:D, as/* 1 ?-*!*©* 
[0 04 2] fc:fc\ #±3» ^-7^77^;^ 1 l **tb« 

m^mn&s mi cst*ft»»?a5 o©-a5$r« 

1 1 *s(iiffi«^MT-fen«, 7tSSH^^IS4 0.©-» 
3 v % ti±ge ^^ia 5 c 1 1) T § 5 . 
[0 0 4 3] *±JRK— 7*3fc7T"f y^l l©^<*0'Ji:b 
Ttt, iMf^A (Er) £K— 7Lfc»m~ 100m© 
^$©63$^^77-r>'^Mffl1-2,Ci:*ST-tS. * 

©T-4»iV^„ ;©J:5'&xM;i7AK-7^77'fMli 
«?ftA J l.53~1.56>um©®HT-ifiJf#A J fe-5©T% C©« 
^T-«Sf©^fi©7fe$:l5lB#k:^JS?-a-«, C h* s T- & 

l. 46~1. 49^ m$. 5 V>Ji0.97~0. 99 ,umT$) -5 

4 s , ^©(^^©^^^-rs^^b— tftt-TT-tCM^ 

$tlT^-5o ttz, ^;i/tf7A«^.©#±^^ (^iJx 
^^-^-f 5. <7J± (Nd) •^T'^-b^-T-V ^ OA (P 
r) ) h--7-L£#7 WMfcGg/BLfc^ica:, flfe 
©«^©7t®^at i-^T 1.3Am-^>ffe©^fi©^Sr^ 

[0044] 05 \z7j%t9tm^mt, m^itvT-i 
^asxtz'mmm <tw) (D^mfcv—y (ld) j@ 

i»tyaHi/©WT;ft&, *BiB©K!4IBJtK3- h, 



(7) 
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>X*S&9516, , 16a t, W>X^SP1 6, , 1 

7. , i7 2 t\zx.y)mmzi\z>. z.<DXottm^,r- 
hi. m3iz?fitKg.m%s3 o<D'&mzmtiz>ztt>x- 

[00 4 5] JtT-f V I/-* 17, , 17, tt, 10 

^TtiH, U>X&£t&ll 6 , , 16, It 1 

f£© U > IC |5g £ ft 3 © T* f± & < , ,fO&ggg6©H & 

l>. fc£U *m&V— tff -^71 4©^jg, U>XJS 
1 6 , , 16,, ftTM V b-* 17,, 17,* 
<fc uyt 7 7 4 A©i£® £> ©Sftf gi 0 Tfe & fPffi -f 5 tfcg 

*T£&i:&3„ 20 
[0 0 4 6] H6Cij*-*->!£Jg«^«tiU *77^M7? 
>«MS»OtflTfc»), *7 7-fM7 v>li*sgf5 1 8 

-*i3, kti»)fl!^n6. n&rtttt&SB i 2 uu 

El 4 tZ T 4> © t fflffi T- £ 3 . 

[0047] ju&Ttec&fiii, ^^tc^ i.Tm%imc 

«l.55,um£*f UT1.47>umT-<fc^) . )t77-f«7? 
>iitsSBl 8 Ktt, jIl£©53i^:ft7;P'f'M£<&ffl-f £ 30 
*N $>Z>^&y)W-'7A (Ge) &SK-XLTmffi 

v^7 7-fMiffl^«©t?< Ell lc^-r^ft^-8J[^©5 
0©-g5S:*^aS-i:*qJ^T-feS. ifc, 
ffl^r-f ^7V>tgtig|5 1 8£*fLTii:£{iI?a!fc:J;5 
7l6®S$:fT9i:, 7feSSII^^IS4 0©-g|5$,S^(±^: 

[0 0 4 8]i4 *5«fc VEJ 6 tc^-T 2 *f 1 
£•§§1 2, {± x ifc:^#50nmW±2;A£f>©T% Sl« 40 
frf-HMlc i5*77^M, $,Si>{i2$:©#-^-K 
# 7 7 / 1 & 3UaT<PJj® 4 iBiSSftf U £ 3fc 7 Ji t> v 
7*7. &3^tt®#Tl&?^©fl!lAM$fflT-£&. fttc, ft 

T-§S©T-> {fe©7j&£it^TF^£W#'J>&V> 0 
[0 0 4 9] El 3 H ^1" 7 7 7 'J St- KIHJ 

MR b — «f tffiffl ^lf*S^^ 1 .0 ©*JS0Jfcm*T 
iit*. 777'MDSt- h*(5jRSU-1fT-tta«©* 

aB = aj,Bj l + a J ,B JS + -±a j „Bj„ = a J Bj. 
t&Z, £iS©a& 50 
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-e©f«i©s^^<i±a» t tz t> © i: stsn i> -e s 
6 0s , xt&mttttm* o*j:va[«»«#a5 oc 

7l£7 7^7'J|aJ±©^{Ctt| l fe*ffi4ggffl1-5Ci:A s 

[0 0 5 0] &tc, 0 l*5iZ>-EI3CC^1-7t^Dig3 0 
©fyEWc-3l\Ta£Bj§3-S. 7t^aHg3 0ffl-«»)fcbT 
tt> ma,7t^SS:*Jffl bfe v >v/n ^ i y ^LiNb0 3 3fc 
SMtMia 7j|SH4^MLiNb0 3 7fc^je^l|g^©fte* s 
fJfflt-S5. Sfe, MQW«jg©InGaAsP «^©S»,7te 

T-gSc Cia?,©7le^i@8{C{±(ii6«ci?tt&^r 

*^7tf*n#, *©«^-tci±A*f(i>t$^g@©iipto 

S{l3l673|SltC-St^-a-tLKPp^M{±!&^„ !f$lC, C1©(1^ 
[0 0 5 1] El 1 i5«fcVEI 3 IZTntftS&Mtt^ 

m4o^ci3v^T, 2fiM©7tEsnsr{t-^-r s/ia^i: 

Ifi4 0f±, g^ASah, ffiS«fB*s n . -n„ © 1 o© 

«$7fc^Wl©^|qI (Iff$tfn. i:^-5M^7fe©(MiS73 

IrI) i: L"Cy(H?g[E, As^n^ajl-r S i:> -e©>fcSS^ 

ttahn. h«t»), x{s&ExC*fLTB:ahn„ i:* 

^^©TfcSSMttahBi:**. -r^t»t>, ttJSg 

©^S&MI±x(iiSi:ylliKi;©F^T-^b.|,o Lfc^o 
T, 2«^©ifcSS$:^oitsg|§fi| fi£ - r€)fetolcttN R 

lB?«A J lflS^LVN^aT-ffiJSlfr^MlCA77$^ iB73^ 

LT(±, ±KeLfcJ:-5tcli^«#^^>y7fc7 7")'7t© 

[0 0 5 2] c^T% EI8{C/n-r«t^tc> ?g&©Jgfi#r 
ft£S (^^©ft^ASaj.h, a J2 h, aj„h, ^Jg 
e^A^Bj,, B j2 , B jn ) T•«I^£^^^S«^45V^ 

$l6fc^fLT> ¥fT (OS) (90S) ©l§£T*;fc 

S. ^©i:§, (6)iC©«?fi^©^/ 
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a = cc) =a s 



+ a i2 +—+ a jn 

[0 0 5 3] fel±©n«C J; »k tkjB9r&K®££ttfi| 
❖OS^OfDt^U^tf, «iB««i:*a*fBj..ff tt, 

(0g, 90S) ^ii^^S^caiCJ: !K O^B,.,,, 
^Bfcft£&B££:.&ci;#T-££. "Tftfc)*., 

titza mmvrt&K<z>±m) iza^x, isht^but 

©«&©{[! £>tiRT-§£©T\ -etltCiSDTi^SHSrg 10 

[00 54] mz, Mmtt^mA oxz&wx. zm 

j h, jtJH#TBj, ) £bT, 129(1) t^-r,t-5Jc: 

**«i*lRltt, WH±#Kff±45flE*fc-*-.fc5K:ffiB* 
*l£>. ft*, »ra±©>l6**#¥fT*fcttfllK-rs»& 
tc«. H8T-SiB^Lfe«t^lc, -eft 20 
1 

[0055] ;;t', 4oO)tBatft4t6l^l: 
tt, a, Bi..m = 2a 2 B 2 ,., f £(if£*Stfc-r 2 iffi© 

Aft#*T*>«n>. 

[00 56] 19(2) ii, l»*BCir)T*B104* 

L,(A,)=L 2 (A 2 ) = - = L m (A m ) 
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•••(10) 

*BS*©ffi«w&ii*a-i-. (sis) & 

ll$g©&T-ttyf!iSEE y <Z>dfcK&Jl#x{|& 
E, ©JtlSJICiOtiAL ( = a, hB,..„ ) tffltft 
<ft5„ ifeCs y(i«E y **v^ttx««E« HU 29 
B©3fc3M* (y' «||) fc45Jt&SHtt-45«**-r«D 
X\ 2®g*mm-Zt&*y' ffl«fiR»(E„. , E 
»„• ) i:, -ft{Cit5S^-5x' fljftjEfta (E„- , E 
»• ) kizfrfrtii. y ffl«j«^i:x' fa$/$,#©ft 
»:R©iittAL/2T*4©Tx miZm-f£olz. Sv% 
©3^S8^* J AL/2i:^U^4fi«©fiK^- 
SlWBfcE,,. , E„. , E, x . , E„- ) #T#£„ 
£©B3fc«fciltt* klST-2" HSlCD^gSlSftJBJSdt-rs 
Cfc*«T?&4. ft*, 2 k 11JR&*©ftB&K:o^? 
tt, E8T-KiB^Lfe«t3l3 v a 4 hBj..„ (Dikft&m 
^fcfoJ#£T-;&£>. ti:ilt a, B,..„ = a 2 B 
2 . .tf E xy . tE, x . Scrs©f, 3fi 

^©ftgSlltfligi;* ft -5 . 
[0 0 5 7] iO<taCM?h5iflff«-Cll T 
Ete3fc*«fcVTM(i^{C2^djxfcfll^<o{i3fe^4?i: 

l, ~l„ t-rtut, ±^bfe 2 «*©*§-& t.mmiz& 



t% a i ~ A m #w#&i5©*jf#*iwi*gtcAftj£, mm. 

[0058] w±uiB^ufe«t3{c v &m<Dm.m%T®n$: 
#e.c««-r**gt«*KH±45ie*ftr j;-5fc 

KBOfc3te»gtt#*g4 0£/8«,^c:i:fc«fc!K ^.gfc 
©Mftot^K^S:||3l-ri.Ci:*ST-§5c d© 

£5. fefciK, 5felf*I3M8 1 0 ©ffiJS#r (04, H|6 
©6 0tcdiS^#^^>^7 7i'M$:^-ftl«^© 

[0 0 5 9] &ic, ®7~El9-Ca5iB^Ufc^8SMM-¥^ 

©4 oti i #m%£LTti®iz{tm+z&i*iZ'o^xm,w 
-fa. if, Ei9(2) t^ufc ifks&tizmm-fz 2 

«II«©#SS £ W t 3 o V > T t Z . 

[0 0 6 0] i©«^{c<i, n. >n« tfettZt, 

SSLs t^JSo-r*. dtl64««fi»fe]B«1-SCt4, n 



•(11) 



H±«Lfci:§ic|5ibfijf# (ffi^t>^tr) JU^ 
fclpJlMBH&riSiE, , E, i:bTHA^$nft^ftJfft 
30 ?,ftV^o fetilS, S^E,hm^E, #Aft#fco 

nm&tb'Li. +l s tisj^icftt), :>feg§n©jift 

5«tlg|*sjKfiK$nftV>. 

[0 0 6 1 ] ffA^©R'^6<)ft^W±, filTffl2-3T» 
S. Q>tii^^n*:x(SjSii e tDfyii«i:t»e©*i#ffi 

t yte«£ xlSt ±45SSft^- 1 o©it^lS^T-W D tB 
en*x«ii:±45fi^ft-rj;5{cSA*t-SCi:T- 

40 [0 0 6 2] f'Jff^^'Sli^Sft £&M$LIZ 

«^rtc©^igffl$nSo ft is, ^®T-li(tj!jDff<]ftffl^ 

T^iO^^ftV^OlC^LT 
[0 0 6 3]il0lt ^©tfi^VAT 2 II«©^SS 

ft*\ sMP*s»t-rsfc»cy>^"«jfia 

50 [0 0 6 4] 01 0(1) «, *BMW4^S4 OW^tt 
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%■% 7 7 4 1 v > \) , a ^t- 

ft&V ^i§£K fct{I«$OTti (1/2 & JI& i: 1 / 4 i£ 
H&©*l<fr£b-e) 8 1 SA2iS0©<i&ttyS 

[0 0 6 5] II 1 0(2) l±> t^Xtfm%HRfr¥t<Di>>& 

'aX-$> t)> #g&£ft--^K4 0©ttl^g|5*;j;i5A^g|Ji: 

. , n„ ©#[dJ) &mm-fZ&f8.T-ib?>o fc£U Z.(D 10 

u&m /< > m 7 7 4 n t* & jtss^ wjd ^ s © t- , c n 

S7tSS^(t^StAD^Tl&8t1-'5*\ 2&£>Wi01O 

(2) t:^-r«t^t, wffiwtc^ mmvmte&ftmjo 
[o 0 6 6] 01 o(i), (2) izmttemmftz-iz, tr© 

&#££^T&iB£ir£2o©{i&##?£-r£©T% y, 

2&g©^;U;*?iJlim£tfi£UTV'i-l> < , £ 20 
tz, HI 0(1), (2) \Cwi-ffil$.&mfr-&t>-&ZZt't ) X- 
IS. ft*, ID 1 0 ©«$}£{£, 7r7'HDlJtK 

[ 0 0 6 7] 0 1 1 tt, *{*©KS-3^T 2 *1H=R).;1±© 

{!#?) fcffi^fcttJSggT-, 1 ^©iiiKT- UA^- 

[0 0 6 8] 0K;fc^T, 3feie§^#^IS4 OA^tBW 
2o©<I«#gM©<I&^#t4©;!5£fI# J P9 1 
KAf*£*xSi:£, (Bft?9 l©£$dli:45Jg£;&1- < fc5 

S4 0 KAI*1-3ffiT-^©AttlBiJ©3fc*tfllfc45g£&T 
«t^t^1-S. fc*. ^Mft#^©4 0£DA»ffiiJJz 
Hu Htc^f idt45JgcoA»^&^1-Sfc»co(B 
#^9 3£*$ALT*>.fc^. *fc, 0T-tt, #'£S3t§*¥ 
OA»(PJJtc<ii)S«^5$iJffl]rs(i«3HjP^8 1 ifiMx. *> 40 

[0 0 6 9) tzzx\ z<Dffif$.x-&. 9tm£tt^m 
4 otmx?9 i tarsofriz 2~D(omtiUkmifift&t 

Z<DX\ dC£}fc#lll$§§2 0£g< fcfi£(I&£B±i#f# 
[0 0 7 0] Z(D®m&lZ-D^Xt>7 7 7'i)'<a 

S<£:>S* s fei.. 50 
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[0 0 7 1 ] #{C, @9(2) lZ7jkLtz28l3Lm(Dliijj 
^tS. 09(2) tc^l-iol^ ftS&Mtt$^®<Dtiiti 

bize, Kttz izmtitf 3 

CDtg, E yx . »±2jg@^|B]U^SSSi:^oTWSg§S 

[0 0 7 2] 3 -^±©«jS*{^£ U >y#t£g§T-|HSi 
TSlCtt, #S&£tt##|g4 0*»P,IH;k;*ft£>2-o©{i 

2H»J©7fe^W;:*f UT45S©(liS^(p) ttt 5 <fc 5 {C1"*X 

^lliUfct^t, l3bA^<a«*{^fc<jEfc3-#« 

[0 0 7 3] IH*6U;fri£tt, ttign^cQgustc^^ 
ttA s fe2.®-&a, 01 1 t^1-<ta{C7fcS§llft#^l&4 

o©Atb^©tc<i^?9 i , 9 3&ES-rs„ -r^t) 

^SSHft^|g4 0©ii5^<PJJT-tB±;il»t^bT45 
JgCi£Mbfc{ljK9 lT-tfJDfiiLfe&JC, C©ifi^(i^ 
S:«tf$^fct S^S&^#^©4 0©A*ffl)Ci»t, 

AtiW(Dft¥mt'i5&&ti;-rm$&ffitiix-m-r <t a tern 

T<aSttt®*^(bLfc«^t:li, <i«[$OT^8 l 
tCJSo L^Tffll^T A^fJ)T-45aE©(H^ & -5 <t a 1 1 S . 
A^<BItc(1^9 3#!§§;*ftT^;h.l£, (SSESr 

[0 0 7 4] feiJ, 01 0£^-r«fc5£#J£t§rt©SpS 

(Bi* 3 p.BA^5ns{i«tt®S45jgiiajtnKj:^. $ 

fc, 7 7'7''J-<Dgi(c2|gJ.X±©^gSII{t^lS&»A 
tS^CU, (i^«c#«©SSg|5SS:^fflUfc^$K: 

?s* s *©$SR5«td{c-rn«<t <, t&stu^DTisM 

[0 0 7 5] 

imnothzk] u±.m.WLtz±oiz&wm, vnmmz. 

S^#¥ISi:®ft^Sic#S!^p)f«©^©*) i: -e/tAo-r 
%J VIZ ?U %4 1" £ «f t V * * >f 7"© 1/ — if g ^ * SIS 
[0 0 7 6] ^B^t<ti>il$a^aM*- KlBjKBU-tf 
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[El] W^lfcEft©«fi#ai»*-KE»ll'-1f 

*B©iB(fi«i«ija*wr^"Dy*iaTf**. io 

[El 2] M^JBltiaiROttfi^affl^-HPIMBU— If 

[04] 3fe*fM¥JSl 0©3O£W?ifi£ (1) *mt7v 
[05] dMMMftl OOftlfcMWjA (2) *7jii-ya 

[0 6] ftWB^gti o (Dmmmm&L o> s^-r^o 

n»*BT»S. 20 
[07] 2«'«©*HiS&^#1-6*ISaf*^a4 0 

[08] 2«»0*BMftft#-*-**B^-^S4 0 
ffl JlS«fi£ S: ^-f 0T S . 
[0 9] 3««&±©&tt*fctt-»-r*&»3tt#*fB! 

[010] 2aa©*Bft**jt*y>y»jsao«ua 
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[01 1] 2H^W±©^SSS&-^x.S , J>^»ffi^© 

[012] «e*©'j >y«s§iM^- KBiwu-' tfois 
i o mm&® 

1 1 #±«F-7jU7r-f/t 

1 2 a^^tt^gp 
1 2 , *m#!ttm 

1 2 2 ffiifciS 

12, 2MlM^lfflS^ 

13, , 13 2 

1 5 H&BitiiiR 

16, , 16, U>X*£l§fgf5 

17, , 17, juty-f VM 
18 *7 7-f;t77>a«» 

2 0 

3 0 jfe£HS 

4 0 #Baw#*© 

5 o tftj^flt^a 

6 0, ~ 6 0 5 %&£i^m 

7 0, , 7 0, &mm 

8 1 (i^S'JSPil 

9 1,93 
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